In the course of an ongoing study aiming to catalogue the natural yeast biodiversity of Iran, a number of yeasts were isolated from plant material collected from mangrove forests on the shoreline of Qeshm Island. Two strains were identified as members of order Microstromatales. Standard phenotypic, biochemical, physiological characterization and a phylogenetic analyses of the combined 26S rRNA gene (D1/D2 domains) and ITS region sequences showed the conspecificity of these isolates and suggest their placement in the genus Jaminaea, close to Jaminaea lanaiensis and Jaminaea angkoriensis. In the present study, we describe the isolation of two strains from plant material collected on Qeshm Island, Hormozgan Province, Iran. We used a combination of morphological and physiological characteristics, and DNA sequence analyses to characterize the two strains and describe them as novel species of the genus Jaminaea.
The order Microstromatales contains both sexual (Microstroma) and asexual (Jaminaea, Quambalaria and Sympodiomycopsis) genera [1] . The genus Jaminaea was described for the first time by Sipiczki and Kajdacsi in 2009 [2] and was shown to be monophyletic by Wang et al. [1] and Francesca et al. [3] . Recently, the genus Jaminaea has been split into two genera. Jaminaea phylloscopi and the plant parasite Microstroma albiziae have been transferred to the newly formed genus Parajaminaea as Parajaminaea phylloscopi and Parajaminaea albiziae, respectively [4] . The genus currently comprises three species, namely Jaminaea angkorensis [2] , Jaminaea lanaiensis [5] and Jaminaea rosea [4] . Jaminaea lanaiensis was originally described as Sympodiomycopsis lanaiensis by Mahdi et al. [6] . All known Jaminaea species produce cream-coloured colonies that become pink with age. No sexual structure has been observed in culture, although close relationships with Parajaminaea (Microstroma) albiziae suggest a parasitic lifestyle with the sexual stage associated with plants [1, 5] . Yeasts of this genus display diverse physiological abilities [2] [3] [4] [5] .
In the present study, we describe the isolation of two strains from plant material collected on Qeshm Island, Hormozgan Province, Iran. We used a combination of morphological and physiological characteristics, and DNA sequence analyses to characterize the two strains and describe them as novel species of the genus Jaminaea.
Sampling was performed in the Hara forests of Qeshm, which are mangrove forests composed of the hara tree (Avicennia marina). In 1972, the Hara Protected Area was established to preserve suitable conditions for the growth and maintenance of this forest. The core area of the reserve is a marine zone, which also includes wetlands, tidal marshes and shallow coves. The area is a major habitat for migratory birds in the cold season and a breeding site for reptiles (sea snakes and turtles) and fish. In 1976, the Hara biosphere reserve was included in the UNESCO Man and the Biosphere Program (MAB), which aims to promote and be an example of maintaining optimal relationship between man and nature (see: www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/ asia-and-the-pacific/islamic-republic-of-iran/hara/).
Healthy leaves were collected from hara mangrove trees (Avicennia marina) growing in the marsh zone (approx. coordinates: 26 47¢ N, 55 45¢ E), cut in to small (approx. 2 cm) pieces aseptically and macerated in 90 ml saline (0.9 % NaCl). Serial dilutions were directly plated on Rose Bengal agar (Himedia) supplemented with 0.1 g l À1 chloramphenicol and incubated at 25 C for 48 h. Colonies were differentiated into macromorphological types using dissection microscopy, and representatives of each colony type were purified by streaking on yeast-peptone-glucose (YPG) agar medium at 25 C. The physiological and biochemical characteristics of the isolates were determined according to the standard methods described by Barnett et al. [7] and Kurtzman et al. [8] . Additionally, strains were studied (individually and crossed in mating experiments) on acetate agar (Merck), 5 % malt extract agar (Merck), yeast extract malt extract-peptone-glucose agar (Merck), Gorodkowa agar (Merck), cornmeal agar (Fluka) and potato dextrose agar (Merck) at both 15 and 25 C for 6 weeks [8] .
For DNA isolation, strains were grown in YPG broth at 25 C for 24 h. DNA was extracted according to Hanna and Xiao [9] . The internal transcribed spacer (ITS) region of ribosomal DNA was amplified by PCR using the primer pair ITS1 and ITS4 [10] . The D1/D2 domains of the large ribosomal subunit (26S or LSU) were amplified by PCR with NL1 and NL4 [10] [11] [12] .
The assembly and editing of sequence data were performed using Sequencher 5.3 (Gene Codes). The nucleotide sequences were compared with sequences available in the NCBI (www.ncbi.nih.gov) and MycoBank (www.mycobank.org) databases, respectively. The selection of taxa for the analysis was based on recent studies [1, 3, 4] . The phylogenetic analysis was based on a combined alignment of the ITS region and the D1/D2 domains of the 26S rRNA gene (LSU), and was made with raxmlGUI 1.3.1 software [13] using the maximum-likelihood algorithm and the GTRCAT model with 1000 bootstrap replicates.
The two strains produced yeast colonies that were initially cream-coloured but their surface gradually turned pink after 1 week of incubation. The colony had an entire margin with an elevation in the centre area. Short pseudohyphae were observed on cornmeal agar at 25 C. Sexual structures were not detected in any of the above-mentioned media at both 15 and 25 C. Physiological characteristics of the novel species are provided below.
Two strains, IBRC-M 30284
T and IBRC-M 30283, shared identical LSU sequences, and differed by one indel in the ITS sequences. Pairwise sequence similarity comparisons of both ITS and the D1/D2 domains of the LSU fragments indicated that the isolated strains likely represented a novel species of the genus Jaminaea. The novel species was closely related to an uncultured fungus clone OTUL 69 (KR906005 from a Pacific Ocean deep-sea sediment [14] ) and strain 'Sympodiomycopsis' species 8A1 (AM946764 from a flower collected in India) that differed by 0 and 23 nucleotide substitutions (including two gaps) in LSU, respectively. ITS sequences of the two isolated strains displayed close matches to Microstromatales species LM417 (EF060728 from marine wood collected on Hawaii) differing in 15 nucleotide substitutions and eight gaps. The maximumlikelihood phylogenetic analysis placed the two strains in a well-supported (100 %) clade together with J. angkorensis and J. lanaiensis (Fig. 1) . Our result was in agreement with the phylogenetic analyses performed by Francesca et al. [3] and Kijpornyongpan and Aime [4] regarding the close relationships of the latter two species. The novel species can be distinguished from hitherto described Jaminaea species with ITS and LSU sequencing, and the physiological characters provided in Table 1 .
The ecology and distribution range of the novel species is unknown. All described Jaminaea species are known from a few (one or two) isolates. We hypothesize that the novel species is probably associated with plant material, as also suggested by the origin of isolates of the three closely related species J. lanaiensis, J. angkorensis and J. rosea, which were originally found on drift wood and leaf material, respectively. A search against environmental sequences identified closely related sequences from marine habitats in the Pacific region (GenBank: KR906005, EF060728), where they can travel with plant material and possibly survive in seawater due to osmotolerance, as demonstrated with growth tests performed by Mahdi et al. [6] . Several sequences representing a yet undescribed species of the genus Jaminaea have been obtained from sugarcane phyllosphere in Thailand [15] and from a Plumeria leaf in Florida [4] . Nucleotide sequences of one potential new species of the genus Jaminaea discovered in GenBank (GenBank Taxonomy ID: 1324572) was isolated from a rubber tree (Hevea brasiliensis) growing in the Pacific region. Also, species of the sister genus Sympodiomycopsis are found in warm climates, including mangroves [5] . Closely related to the genus Jaminaea, Paramicrostroma albiziae has only been reported from subtropical and tropical trees of the genus Albizia in South Africa and India [16] . The above-mentioned isolation reports and environmental sequence data suggest that plants growing in subtropical and tropical climates could be a promising source of these yeasts.
DESCRIPTION OF JAMINAEA PALLIDILUTEA S. NASR AND YURKOV SP. NOV.
Jaminaea pallidilutea (pal.li.di.lu'te.a. N.L. fem. adj. pallidilutea, pale orange, refers to the colony colour).
After 3 days at 25
C on YPG agar, colonies are shiny, cream with a smooth texture. The colour turns to light orange (salmon colour) after 7 days of incubation. The colony has a small elevation and an entire margin. Cells are ovoid to ellipsoidal (2-.2.5Â3.5-5.0 µm), occur singly or in pairs, and proliferate by polar budding (Fig. 2) . Blastoconidia and conidiogenous cells are observed on cornmeal agar. Pseudoyphae are produced on cornmeal agar. 
